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In the environment of the pigeon loft, there are many antigenic substances to which asymptomatic -. -as well as symptomatic breeders can produce an antibody r e s p o n~e .~.~~ The nature of the specific antigen or antigens that may be responsible for the pulmonary inflammatory response has continued to provoke interest. In fact, symptomatic breeders do appear to have several unique immunologic responses. Utilizing immunoelectrophoresis, Fink et a18 demonstrated an IgG response directed against pigeon serum r -g l~b~l i n that was unique to ill breeders. Peeters et als found a precipitin antibody directed against pigeon feces which aipeared to be present exclusively in those breeders with pigeon breeder's disease. Finally, Berrens and found that the low-molecular-weight fraction of a nondialyzable lyophilized extract of pigeon droppings contained antigen to which only symptomatic breeders produced a precipitin antibody. This fraction contained a protease, glycoproteins, and polysaccharides.
The antigenic material appears to be found in the dusts or aerosols that are distributed in the loft. Pigeon serum proteins,1° a protea~e,~ and other antigens not yet identiliedlo are present in pigeon droppings. Other antigenic materials include feathers and internal secretory and excretory fluids, but these sources apparently only have antigens which can be isolated from droppings as well.lo Fungal spores have not been implicated in pigeon breeder's disease. Flooring materials might be implicated as agents initiating the inflammatory process, but this has not been examined in any previous publication. Lastly, bacterial products which are present in the droppings are a potential source of antigens.
The P blood group in humans consists of PI and Ps phenotypes. Only in individuals with the Pz phenotype, normally about one quarter of the population, can anti-PI antibodies develop. Within the United States, this antibody response, when observed, usually follows a blood transfusion of PI red blood cells. Since titers of anti-PI antibody have been found in a number of Pp individuals with avian contact,l1JZ and since a blood group PI-like substance has been found on cells of gram-negative bacilli isolated from pigeon droppings,13 the following clinical and immunologic studies were performed.
Questionnaire
The Rhode Island Pigeon Racing Club in Pawtucket, RI, was visited, and their help in this study was solicited. Thirtynine out of approximately 75 breeders volunteered. Each pigeon breeder filled out a short questionnaire which covered respiratory and cardiac symptoms and history. At the same time a more lengthy questionnaire was taken home by each breeder. This latter questionnaire was concerned with the breeder's history of exposure to pigeons and the presence or absence of symptoms usually associated with pigeon breeder's disease. In an attempt to evaluate the validity of the breeders' responses, eight randomly selected asymptomatic breeders and all breeders ( 12 of 39) with respiratory complaints were intensively questioned during a personal interview about their answers. All individuals with a P, blood group and formation of anti-P, antibody were asked about previous blood transfusions.
Semm from Pigeon Breeders Serum was collected from each of the 39 breeders. In addition, out of 43 random admissions to the Memorial Hospital, Pawtucket, RI, 11 patients with the P, blood phenotype were identified. Serum from these patients was collected as control samples.
Determination of Anti-PI Antibody
Reagent red blood cells (human) (Identigens and Selectogens) were utilized to screen and identify antibodies in pigeon breeders' and control sera. Testing for the red blood cell agglutination by P, pigeon breeder's serum was accomplished at room temperature and at 4% as warm and cold panels, according to the protocol provided by the supplier.'' ModiGcation of the cold panel, as described by the s u p plier,l4 was done as follows: ( 1 ) four drops of a 2-percent red blood cell suspension was washed by using three aliquots (about 10 ml) of buffered saline solution (pH = 7.4), followed by centrifugation and decanting; ( 2 ) two drops of pigeon breeder's serum was added to a resuspended red blood cell button after the final wash, centrifugation, and decanting; and ( 3 ) the washed combination of red blood cells and serum was treated as described in the supplier's literature that describes the 4°C cold panel.1'
The Identigen panel of reagent red blood cells was used only if the Selectogen cells showed agglutination with the serum at room temperature or in the cold. Samples of serum were sent to the supplier of the reagent red blood cells for further evaluation if the samples contained cold antibodies which could not be identified with the two standard red blood cells reagents ( Identigen or Selectogen ) .
Red Blood Cell Typing
Whole blood was collected from all breeders, anticoagulated with disodium edetate (EDTA), and stored at 4°C until used. Red blood cells from the random population of inpatients at the Memorial Hospital were taken from day-old clots left over after routine admission laboratory tests. These red blood cells and the respective sera were used as controls. Typing of the cells for P antigenicity was accomplished with anti-P, serum ( Dade Division lot p-23ac) using the procedure suggested in the supplier's literature.'" $Ortho Diagnostics Inc., Raritan, NJ.
Typing of the cells used in the absorption techniques was accomplished using blood-bank reagents (Ortho Diagnostics Ino) for slide-test typing of A, B, 0 , and Rh antigens.16J7 Reverse typing using the donor's serum was done using known reagent red blood cells (human) ( Affirmagenll ) for blood group A and blood group B and following the supplier's procedure.18
Pigeon-Dropping Extract
Pigeon droppings from the lofts of each of the 39 breeders were dried in a hot air oven at 75OC for eight to ten hours. Ten grams of this dried material was mixed with 100 ml of 0.85-percent sodium chloride solution and periodically agitated by hand to dissolve as much of the material as possible. After 30 minutes the fluid was decanted and centrifuged at 2,500 rpm (800 g) at room temperature for four minutes. The supernatant liquid was decanted and stored at -2S°C as pigeon-dropping extract. Extracts used for absorption experiments were filtered through a 0.22p sieve (Millipore) for sterilization. Immediately before use, the extracts were titrated with 0.1 N sodium hydroxide solution until the pH was between 6 and 8.
lmmunodi @don
Agar plates (Hyland Laboratory Immunoplate, pattern C ) were obtained, and ten micropipettes were used to place the serum and pigeon-dropping extract into the agar wells. Two types of controls were used. The first-control was serum from a breeder (No. 39) whose findings from lung biopsy were consistent with pigeon breeder's disease and with known precipitin antibodies in his serum. The second control was a pigeon-dropping extract which offered clear and distinct patterns of precipitins with most pigeon breeder's sera. For each of the 39 breeders, the agar plate was arranged with the pigeon breeder's serum, his own extract, and the two controls. The agar plates were incubated at room temperature in a moist chamber and read at 24 and 48 hours. Plates were visualized before and after a fixation procedure19 which helped identify the immunoprecipitates. The bands of precipitins were read with an indirect light source and a dark background.
Absorption Techniques
Pigeon-Dropping Absorbed Serum. A mixture of 0.4 ml of pigeon breeder's serum and 0.2 ml of the dropping extract from the breeder's own pigeons was allowed to sit at room temperature for six hours and then at 4°C overnight. On the next morning, this sample was spun at 4,500 rpm (3,500 g) at room temperature for 1% minutes. The supernatant liquid was removed and added to 0.2 ml of pigeon-dropping extract. The same incubation procedure was repeated again. On the next morning, centrifugation yielded 0.6 ml of pigeon-dropping absorbed serum, which was concentrated by incubation with 0.06 gm polyacrylamide gel ( Lyphogel ) at 4'C. Twentyfour hours later, the resultant solution was used as pigeondropping absorbed serum. A control was simultaneously run, using 0.85-percent sodium chloride solution instead of pigeondropping extract; this was called the saline control. Other controls (control A and control B) were established using serum from two patients with nonspecific cold agglutinins; these sera were incubated with pigeon-dropping extract as described previously.
I lortho Diagnostics Inc., Raritan, NJ.
Packed Red Blood Cells Absorbed Serum. A mixture of 0.4 ml of pigeon breeder's serum and 0.2 ml of washed packed red blood cells (0, Rh-, P I ) was incubated at 4'C for one hour. The mixture was centrifuged at 2,000 rpm (700 g ) at room temperature for one minute, and the supernatant liquid was quickly removed. To the supernatant was added 0.2 ml of washed packed red blood cells (0, Rh-, P I ) , followed by incubation and centrifugation as described previously. The final supernatant was called packed red blood cell absorbed serum. A paired control was run simultaneously, using saline-washed packed red blood cells (0. Rh-. P").
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Both packed red blood cells absorbed serum and pigeondropping absorbed serum were tested for hemagglutination of PI and P2 (0, Rh-) cells. Both absorbed sera were also tested for immunoprecipitation with the dropping extract from the breeder's own pigeons and with a known pigeon-dropping extract control. When testing for immunoprecipitation, serum from a patient with known pigeon breeder's disease was also included in one of the agar wells ( see section on immunodiffusion ) .
All statistical comparisons in this study were done using ~2 analysis and Yates' correction factor where appropriate.
Questionnaire
In their questionnaires, none of the 39 breeders indicated classic acute or subacute symptoms which could have been solely attributed to pigeon breeder's disease. The personal interview in regard to 20 breeders' written answers ( 12 symptomatic and eight asymptomatic) demonstrated a high degree of validity in their responses; there appeared to be full understanding of the acute or subacute symptoms mentioned. The presence of chronic bronchitis, chronic obstructive pulmonary disease, congenital heart disease, asthma, allergies, and hypochondriasis made it impossible to diagnose pigeon breeder's disease in the absence of symptoms temporally related to exposure. Interestingly, the one breeder (No. 39) who had both abnormalities of pulmonary function and a histologic picture on lung biopsy which were consistent with chronic pigeon breeder's disease also recalled no history of acute symptoms.
As mentioned previously, there were 12 of 39 breeders who offered some respiratory complaints. Table 1 shows that significantly more breeders with the P2 blood phenotype had respiratory symptoms ( P < 0.01 ). This occurred despite the fact that anti-PI antibodies and positive immunodihsion patterns did not have a positive correlation with respiratory symptoms.
The duration of the breeders' history of raising pigeons and clearing lofts varied from six months to 50 years, with a mean duration of 18 years. The number of pigeons owned varied from 30 to 200, with a mean of 84 birds. The time spent cleaning 
Determination of Anti-PI Antibody
The titers of anti-PI antibody found in the breeders with the Pz blood phenotype are listed in Table  2 . Samples of two breeders' sera and one control serum were sent to the supplier of the reagent (Ortho Diagnostics Inc. ) for further evaluation of a cold antibody. One of the two breeders had an anti-PI antibody, while the other had an anti-I antibody. The control serum from the hospitalized control patient had an anti-I antibody and a very weak anti-PI antibody that was only picked up using trypsinized reagent red blood cells.
Eight (73 percent) of the 11 pigeon breeders with the P2 blood phenotype and one ( 9 percent) of the 11 random hospitalized controls with the P2 blood phenotype had titers of anti-PI antibody (x2 = 9.2; P < 0.01 ) . None of these nine subjects with titers of anti-PI antibody (eight breeders and one control) had ever received a blood transfusion. 3) that was not bodies against ~i g e o n -h~~i n g extract ( P < 0.05).
present if these sera were incubated with pigeon-
Absorption of Pigeon Breeders' Sera
Pigeon-Dropping Absorbed Serum. In regard to immunoprecipitation, absorption with pigeon-dropping extract from the breeder's own loft removed all of the precipitation antibodies to the droppings and to the pigeon-dropping extract control. The paired saline controls for the pigeon-dropping absorbed serum yielded the same banding pattern in agar gel as the unadulterated serum.
In regard to hemagglutination, the pigeon-dropdropping extracts in the same manner as pigeondropping absorbed sera. Additional senun was not available to evaluate this finding. Processing the two control sera (controls A and B ) that had nonspecific cold agglutinin activity in the same manner as pigeon-dropping absorbed serum did not significantly affect the ability of these sera to agglutinate red blood cells in the cold (Table 4) .
Packed Red Blood CeU Absorbed Serum. In regard to immunoprecipitation, the absorption with PI, 0, Rh -packed red blood cells had no affect on the banding pattern of pigeon breeders' sera against the pigeon-dropping extract from the breeders' own loft or against the pigeon-dropping extract control. The paired controls using Pz, 0, Rh -packed red blood cells for absorption provided the same precipitin pattern as unadulterated sera. In regard to hemagglutination, the packed red blood cell absorbed sera had no ability to agglutinate PI, 0, Rh -cells. The controls prepared using Pz, 0, RH -packed red blood cells retained the ability to agglutinate PI, 0, Rh -cells (Table 5 ).
We are aware of the potential sampling error of this study, in that only volunteers were utilized in this study. Breeders with respiratory symptoms related to exposure to pigeons may avoid volunteering their serum and clinical history because they fear having to give up pigeon racing. Thus, the failure to identify breeders with acute symptoms related to exposure to pigeons in a group of 39 breeders may not accurately reflect the true incidence of the disea~e.~ Utilization of questionnaires to identify previously unknown cases of pigeon breeder's disease was complicated by the presence of other underlying respiratory and cardiac diseases. These diseases may have been acting alone or in combination with the chronic form of pigeon breeder's disease. For example, one breeder with a progressive chronic obstructive pulmonary disease, exertional dyspnea, prolonged exposure to pigeons, strong titers of precipitin and anti-PI antibody, pulmonary function consistent with pigeon breeder's disease, a lung biopsy which was consistent with pigeon breeder's disease of the chronic form, and no history for acute or subacute symptoms also smoke cigars. Without the lung biopsy and studies of pulmonary function, it would have been difficult to make a diagnosis other than chronic obstructive pulmonary disease.
The questionnaire failed to identify any breeder with the acute or subacute symptoms of pigeon breeder's disease. Those with bird fancier's lung but without acute symptoms cannot be identified without specific in vitro tests, tests of pulmonary function and diffusing capacity, lung biopsy, proof of clinical improvement with avoidance of the antigenic material, or a positive provocative test in the laboratory.
The discovery that a number of breeders use potentially allergenic materials in their loft which are not directly linked to the pigeons was enlightening. The use of the bagasse of sugar cane is of particular interest. If the use of bagasse is widespread nationally, some of the individuals presently diagnosed as having pigeon breeder's disease may, in fact, be suffering from bagassosis. The nature of the inert ingredients in Cabola, a disinfectant, was not determined. All materials that are used in the lofts of pigeon breeders and any substances that can be whipped into the air during cleaning or by agitated pigeons should arouse suspicion when searching for the etiologic agent of a pneumonitis due to hypersensitivity in a bird fancier.
The presence of titers of anti-PI antibody in pigeon breeders has been d e s~r i b e d ,~~. '~ and the prevalence was recently investigated.12 While the prevalence of titers of antiP1 antibody in breeders with the PZ blood phenotype in our study was double that found by Radennecker et all3 (namely, 73 percent vs 34 percent), this difference was not significant because of small numbers (X2 = 3.36; 0.1 > P > 0.05). The increased frequency of anti-PI antibody in those breeders with the PZ phenotype who were exposed to avian antigens was possibly related to inhaled pigeon serum proteins, pigeon cellular antigens,13 gram-negative bacteria," or autolysed fragments of bacterial cell walls. Serum proteins and autolysed fragments of bacterial cell walls seem most likely, since they would explain the inhibition of hemagglutination caused by the sterile pigeon-dropping extracts used in the absorption experiments. The anti-PI antibody which was measured by hemagglutination appears to be in the IgM class.ls It has been suggested that human isoautologous hemagglutinin antibodies may be stimulated by blood transfusions, ingested materials, intestinal bacterial flora, or i n h a l a t i~n . ~~ We believe that the stimulation of titers of anti-PI antibody in pigeon breeders via the respiratory route is the first time isoautologous antibodies have been shown to be produced by antigens entering through the lungs in the absence of a clinical infection. , Although no one was identified as having the acute manifestations of pigeon breeder's disease, the previously mentioned breeder (No. 39) who has chronic pigeon breeder's disease did have an anti: PI cold agglutinin titer ( 1 :16) that was not si@-cantly different from asymptomatic breeders. One cannot conclude from the fact that breeders with the PZ blood phenotype have more respiratory complaints that there is any relationship between the P blood group and pigeon breeder's disease. In fad, finding asymptomatic breeders with titers of anti21 antibody and knowing that titers of anti-PI antibody are not correlated significantly with respiratory symptoms strongly suggest that there is no relationship between the P blood group system and the symptoms of pigeon breeder's disease; however, it remains to be understood why the breeders with the Pz blood phenotype have more nonspecific pulmonary symptoms. It certainly has not been explained on the basis of length of exposure, smoking, or any risk factor examined in this study. The speculation of Radermecker et all3 that breeders with the PZ blood develop a more intense hypersensitivity response to avian antigens may indeed be true, since we did find a greater prevalence of respiratory complaints in breeders with the PZ blood phenotype. The frequency of occurrence of individuals with the P2 blood phenotype (namely, 28 percent ) was similar to that found by others. 21 Although the incidence of anti-PI antibodies in the control population (1111 or 9 percent) was radically different from the 56 percent offered by Henning~en,~~ the difference may be explained by different techniques, the strength of the PI antigen on the reagent red blood cells, and the population sample. The important finding to be noted was that there was a significant difference between breeders with the PZ blood phenotype and a control population with the PZ blood phenotype when the same experimental procedure was utilized for both PUPS.
The frequency (46 percent) of IgG precipitin antibodiesls to avian antigens in the 39 breeders studied was similar to that found by other^.^^.'^ There was no significant difference in the incidence of precipitin antibodies or the immunoprecipitation patterns between the breeders with the PI blood phenotype and breeders with the P2 blood phenotype; however, the frequencies of 39 percent and 64 percent, respectively, might have turned out to be signscant with a larger population of breeders.
A curious finding is the higher frequency of precipitin antibodies in those breeders with the Pz blood phenotype who had anti-PI antibodies than in those without antiP1 antibodies (x2 = 3.88; p < 0.05). There were no obvious differences between these groups relating to exposure. This relationship may be due to an unknown exposure factor or to a genetic trait which provides different immunologic resp~nsiveness.~~ Alternatively, it might only be a reflection of the fact that precipitin antibody and anti-PI antibody are stimulated simultaneously by antigens in the pigeon loft.
As was expected, the pigeon-dropping absorbed sera contained no detectable precipitin antibody to pigeon-dropping extracts, while the controls which were incubated with saline solution performed as unadulterated sera. Hemagglutination with pigeondropping absorbed serum demonstrated that six of the eight sera with anti-PI antibody had the titers abolished by absorption, while the cold agglutinin activity in the saline control was retained. Sera from two of eight breeders lost the titer of anti-PI antibody in the saline control as well. The explanation for this second result is unknown, and no more serum was available to repeat the experiment.
Curiously, control sera from individuals of the PI blood phenotype showed weak nonspecific agglutination of the strong PI red blood cells that were used to measure the titer of anti-PI antibody. After treating these sera as pigeon-dropping absorbed serum, this minimal agglutination disappeared. The following question had to be asked: does the pigeon-dropping extract have nonspecific antihemagglutinating factors?
To evaluate this question, sera with nonspecific cold agglutinins were incubated with pigeon-dropping extracts (Table 3 ) as control absorbed sera. The weak nonspecific cold agglutinin activity from serum A (titer, 1:2) was lost after incubation with pigeon-dropping extract. This was analogous to the loss of the weak nonspecific agglutination of the PI, 0, Rh -cells by PI serum. Evidently the changes in the physical and chemical properties of the serum after mixing with pigeon-dropping extract results in some inhibition of hemagglutination; however, this was only noted if the agglutination was weak at the outset. For example, the nonspecific cold agglutinin in control serum B (titer, 1: 128) displayed no alteration in cold agglutinin titer after incubation with pigeon-dropping extract. The nonspecific antihemagglutination effect of the pigeon-dropping extract would not be appreciated if the hemagglutinin titer was significant. Thus, it would appear that the failure of P2 pigeon-dropping absorbed sera to agglutinate PI, 0, Rh -cells is the result of a PI-like antigen in the pigeon-dropping extract. This could be explained by free PI antigen liberated by metabolically active gramnegative bacilli or cell-wall fragments produced by bacterial autolysis.
If pigeon-dropping extract absorbs out anti-PI antibody specifically, why are there no demonstrable changes in the immunodiffusion patterns using packed red blood cell absorbed sera? It is possible that if immunoelectrophoresis of crude pigeon-dropping extract or two-dimensional immunodiffusion of purified pigeon-dropping extract were used instead of the technique used in this present study, one might find a band which was consistently abolished as the titer of antiB1 antibody was removed by absorption. Alternatively, pigeon breeders' sera may produce a weak invisible anti-PI-(PI) band. A final possibility is that there may be soluble anti-PI-(PI) complexes in pigeon-dropping absorbed sera; therefore, anti-PI antibody would not be available for hemagglutination.
In conclusion, anti-PI antibodies appear to be stimulated by the environment of the pigeon loft, along with a host of other antibodies and delayed hypersensitivity responses. Production of anti-PI antibody does not appear to be related to the manifestations of pigeon breeder's disease. As broad a scope as possible should prevail in searching for the etiology of the hypersensitivity response in symptomatic breeders, since a host of possible allergenic substances can be present in the atmosphere of the pigeon loft. Finally, a further area of research might be to elucidate why breeders with the Pz blood phenotype have significantly more respiratory complaints than breeders with the PI blood phenotype.
